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CLONING OF A NOVEL 7TM RECEPTOR AXOR-2 

This application claims Uie benefit of U.S. Provisional Application No. 60/083,034, filed 
April 24, 1998 and U.S. Patent Application No. 09/277,398, filed March 26. 1999. whose entire 
contents are incorporated herein by reference. 

Field of the Invention 

This invention relates to newly identified polypeptides and polynucleotides encoding such 
polypeptides, to their use in therapy and in identifying compounds which may be agonists, 
antagonists and/or inliibitors which are potentially useful in therapy, and to production of such 
polypeptides and polynucleotides. 

Background of the Invention 

The drug discover}' process is currently undergoing a fundamental revolution as it embraces 
'functional genomics', that is, high throughput genome- or gene-based biology. This approach is 
rapidly superseding earlier approaches based on 'positional cloning'. A phenot\'pe, diat is a 
biological function or genetic disease, would be identified and tliis would then be tracked back to tlie 
responsible gene, based on its genetic map position. 

Functional genomics relies heavily on the various tools of bioinformatics to identify gene 
sequences of potential interest from the many molecular biology databases now available. There is a 
continuing need to identify and characterise furdier genes and tlieir related polypeptides/proteins, as 
targets for drug discovery. 

It is well established tliat many medically significant biological processes are mediated by 
proteins participating in signal transduction pathways diat involve G-proteins and/or second 
messengers, e.g., cAMP (Lefkowitz, Nature, 1991, 351:353-354). Herein these proteins are referred 
to as proteins participating in pathways with G-proteins or PPG proteins. Some examples of these 
proteins include tlie GPC receptors, such as those for adrenergic agents and dopamine (Kobilka, 
B.K., etal., Proc. Natl Acad. Sci., USA, 1987, 84:46-50; Kobilka, B.K., etak. Science, 1987, 
238:650-656; Bunzow, J.R., etal., Nature, 1988, 336:783-787), G-proteins tliemselves, effector 
proteins, e.g., phospholipase C, adenyl cyclase, and phosphodiesterase, and actuator proteins, e.g., 
protein kinase A and protein kinase C (Simon, M.I., et al.. Science, 1991, 252:802-8). 

For example, in one form of signal transduction, the effect of hormone binding is activation 
of the enzyme, adenylate cyclase, inside the cell. Enzyme activation by hormones is dependent on 
the presence of the nucleotide, GTP. GTP also influences hormone binding. A G-protein connects 
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the hornuone receptor to adenylate cyclase. G-protein was shown to exchange GTP for bound GDP 
when activated by a hormone receptor. The GTP-carrying fomi tJien binds to activated adenylate 
cyclase. Hydrolysis of GTP to GDP, catalyzed by the G-protein itself, returns tlie G-protein to its 
basal, inactive form. Thus, tlie G-protein serves a dual role, as an intermediate that relays tlie signal 
from receptor to effector, and as a clock that controls tlie duration of tlie signal. 

The membrane protein gene superfamily of G-protein coupled receptors has been 
characterized as having seven putative transmembrane domains. The domains are believed to 
represent transmembrane a-helices connected by extracellular or cytoplasmic loops. G-protein 
coupled receptors include a wide range of biologically active receptors, such as hormone, viral, 
growtli factor and neuroreceptors. 

G-protein coupled receptors (otherwise known as 7TM receptors) have been characterized as 
including these seven conserved hydrophobic stretches of about 20 to 30 amino acids, connecting at 
least eight divergent hydrophilic loops. The G-protein family of coupled receptors includes dopamine 
receptors which bind to neuroleptic drugs used for treating psychotic and neurological disorders. 
Odier examples of members of this family include, but are not limited to, calcitonin, adrenergic, 
endotheiin, cAMP, adenosine, muscarinic, acetylchohne, serotonin, histamine, thrombin, kinin, 
follicle stimulating hormone, opsins, endothelial differentiation gene-1, rhodopsins, odorant, and 
cytomegalovirus receptors. 

Most G-protein coupled receptors have single conserved cysteine residues in each of tiie first 
two extracellular loops which form disulfide bonds that are believed to stabilize functional protein 
strucaire. The 7 transmembrane regions are designated as TMl, TM2, TM3, TM4, TM5, TM6, and 
TM7, TM3 has been implicated in signal transducdon. 

Phosphorylation and lipidadon (palmitylation or famesylation) of cysteine residues can 
influence signal transduction of some G-protein coupled receptors. Most G-protein coupled receptors 
contain potential phosphorylation sites within the tliird cytoplasmic loop and/or the carboxy terminus. 
For several G-protein coupled receptors, such as the P-adrenoreceptor, phosphorylation by protein 
kinase A and/or specific receptor kinases mediates receptor desensitization. 

For some receptors, tlie ligand binding sites of G-protein coupled receptors are believed to 
comprise hydrophilic sockets formed by several G-protein coupled receptor transmembrane domains, 
said sockets being surrounded by hydrophobic residues of the G-protein coupled receptors. The 
hydrophilic side of each G-protein coupled receptor transmembrane helix is postulated to face inward 
and form a polar ligand binding site. TM3 has been implicated in several G-protein coupled receptors 
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as having a ligand binding site, such as tJie TM3 aspartate residue. TM5 serines, a TM6 asparagiiie 
and TM6 or TM7 phenylalanines or tyrosines are also implicated in ligand binding. 

G-protein coupled receptors can be intracellularly coupled by heterotrimeric G-proteins to 
various intracellular enzymes, ion channels and transporters (see, Johnson et al., Endoc. Rev., 1989, 
5 10:317-331). Different G-protein a-subunits preferentially stimulate particular effectors to modulate 

various biological functions in a cell. Phosphorylation of cytoplasmic residues of G-protein coupled 
receptors has been identified as an important mechanism for the regulation of G-protein coupling of 
some G-protein coupled receptors. G-protein coupled receptors are found in numerous sites within a 
mammalian host. 

10 Over tJie past 15 years, nearly 350 therapeutic agents targeting 7 transmembrane (7 TM) 

receptors have been successfully introduced onto the market. 

Summary of the Invention 

The present invention relates to AXOR-2, in particular AXOR-2 polypeptides and AXOR-2 
polynucleotides, recombinant materials and methods for dieir production. In another aspect, the 

15 invention relates to methods for using such polypeptides and polynucleotides, including the treatment 
of infections such as bacterial, flingaL protozoan and viral infections, particularly infections caused by 
HIV-1 or HIV-2; pain; cancers; diabetes, obesity; anorexia; bulimia; asthma; Parkinson's disease; 
acute heart failure; hypotension; hypertension; urinary retention; osteoporosis; angina pectoris; 
myocardial infarction; stroke; ulcers; asthma: allergies; benign prostatic hypertrophy; migraine: 

20 vomiting; psychotic and neurological disorders, including anxiet>\ schizophrenia, manic depression, 
depression, delirium, dementia, and severe mental retardation; and dyskinesias, such as Huntington's 
disease or Gilles dela Tourett's syndrome, hereinafter referred to as "the Diseases", arhongst others. 
In a further aspect, the invention relates to methods for identifying agonists and 
antagonists/inhibitors using the materials provided by the invention, and treating conditions 

25 associated with AXOR-2 imbalance with die identified compounds. In a still further aspect, the 
invention relates to diagnostic assays for detecting diseases associated widi inappropriate AXOR-2 
activity or levels. 

Description of the Invention 

In a first aspect, the present invention relates to AXOR-2 polypeptides. Such peptides 
30 include isolated polypeptides comprising an amino acid sequence which has at least 70% identity, 
preferably at least 80% identity, more preferably at least 90% identity, yet more preferably at 
least 95% identity, most preferably at least 97-99% identity, to that of SEQ ID NO:2 over the 
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entire length of SEQ ID NO: 2. Such polypeptides include those comprising the amino acid of 
SEQ ID NO:2, 

Further peptides of the present invention include isolated polypeptides in which the amino 
acid sequence has at least 70% identity, preferably at least 80% identity, more preferably at least 
5 90% identity, yet more preferably at least 95% identity, most preferably at least 97-99% identity, 
to the amino acid sequence of SEQ ID NO:2 over the entire length of SEQ ID NO:2, Such 
polypeptides include the polypeptide of SEQ ID NO:2. 

Further peptides of the present invention include isolated polypeptides encoded by a 
polynucleotide comprising the sequence contained in SEQ ID NO; I. 

10 Polypeptides of the present invention are believed to be members of tlie G-protein Coupled 

Receptor family of polypeptides. They are therefore of interest because G-protein Coupled 
Receptors (7TM Receptors), more than any other gene family, are targets of pharmaceutical 
intervention. These properties are hereinafter referred to as "AXOR-2 activity" or "AXOR-2 
polypeptide activity" or "biological activity of AXOR-2.'' Also included amongst these activities 

15 are antigenic and immunogenic activities of said AXOR-2 polypeptides, in particular the antigenic 
and immunogenic activities of the polypeptide of SEQ ID NO:2. Preferably, a polypeptide of the 
present invention exhibits at least one biological activity of AXOR-2. 

The polypeptides of the present invention may be in the form of the ''mature'' protein or 
may be a part of a larger protein such as a fusion protein. It is often advantageous to include an 
20 additional amino acid sequence which contains secretory or leader sequences, pro-sequences, 

sequences which aid in purification such as multiple histidine residues, or an additional sequence 
for stability during recombinant production. 

The present invention also includes include variants of the aforementioned polypeptides, that 
is polypeptides that var}' from the referents by conservative amino acid substitutions, whereby a 
25 residue is substituted by another with like characteristics. Typical such substitutions are among Ala, 
Val, Leu and He; among Ser and Thr; among the acidic residues Asp and Glu; among Asn and Gin; 
and among die basic residues Lys and Arg; or aromatic residues Phe and Tyr. Particularly preferred 
are variants in which several, 5-10, 1-5, 1-3, 1-2 or I amino acids are substimted, deleted, or added 
in any combination. 

30 Polypeptides of die present invention can be prepared in any suitable manner. Such 

polypeptides include isolated naturally occurring polypeptides, recomblnantly produced polypeptides. 
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synihetically produced polypeptides, or polypeptides produced by a combination of diese mediods. 
Means for preparing such polypeptides are well understocxl in the art. 

In a further aspect, the present invention relates to AXOR-2 polynucleotides. Such 
polynucleotides include isolated polynucleotides comprising a nucleotide sequence encoding a 
polypeptide which has at least 70% identity, preferably at least 80% identity, more preferably at 
least 90% identity, yet more preferably at least 95% identity, to die amino acid sequence of SEQ 
ID NO:2, over the entire lengtJi of SEQ ID NO: 2. In tliis regard, poh^eptides which have at least 
97% identity are highly preferred, whilst tliose witli at least 98-99% identity are more highly 
preferred, and those with at least 99% identity are most highly preferred. Such polynucleotides 
include a polynucleotide comprising die nucleotide sequence contained in SEQ ID NO: 1 encoding die 
polypeptide of SEQ ID NO:2. 

FurUier polynucleotides of the present invention include isolated polynucleotides comprising a 
nucleotide sequence that has at least 70% identity, preferably at least 80% identity, more preferably 
at least 90% identity, yet more preferably at least 95% identity, to a nucleotide sequence encoding a 
polypeptide of SEQ ID NO: 2, over the entire coding region. In this regard, polynucleotides which 
have at least 97% identity are highly preferred, whilst diose with at least 98-99% identity are more 
highly preferred, and those widi at least 99% identity are most highly preferred. 

Furdier polynucleotides of the present invention include isolated polynucleotides comprising 
a nucleotide sequence which has at least 70% identity, preferably at least 80% identity, more 
preferably at least 90% identity, yet more preferably at least 95% identity, to SEQ ID NO: 1 over 
the entire length of SEQ ID NO: 1 . In diis regard, polynucleotides which have at least 97% identity 
are highly preferred, whilst diose widi at least 98-99% identify are more highly preferred, and those 
witli at least 99% identity are most highly preferred- Such polynucleotides include a polynucleotide 
comprising die polynucleotide of SEQ ID NO: 1 as well as die polynucleotide of SEQ ID NO: 1 . 

The invention also provides polynucleotides which are complementary to all the above 
described polynucleotides. 

The nucleotide sequence of SEQ ID NO: 1 shows homology with mouse GPR27 [B.F. 
O'Dowd, et. al. Genomics 47 (2),'310-313]. The nucleotide sequence of SEQ ID NO: I is a cDNA 
sequence and comprises a polypeptide encoding sequence (nucleotide 115 to 1233) encoding a 
polypeptide of 373 amino acids, die polypeptide of SEQ ID N0:2- The nucleotide sequence 
encoding the polypeptide of SEQ ID NO:2 may be identical to the polypeptide encoding sequence 
contained in SEQ ID NO: I or it may be a sequence other than the one contained in SEQ ID NO: 1, 
which, as a result of the redundancy (degeneracy) of the genetic code, also encodes the 
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polypepiide of SEQ ID NO:2. The polypeptide of die SEQ ID NO:2 is structurally related to other 
proteins of tlie G-protein Coupled Receptor family, having homology and/or structural similarity with 
Human GPR27 [ B. F. O'Dowd, et.al. Genomics 47 (2), 310-313 (1998). 

Preferred polypeptides and polynucleotides of tlie present invention are expected to have, 
infer alicL similar biological functions/properties to tlieir homologous polypeptides and 
polynucleotides. Furthermore, preferred polypeptides and polynucleotides of the present invention 
have at least one AXOR-2 activity. 

The present invention also relates to partial or other polynucleotide and polypeptide 
sequences which were first identified prior to die determination of the corresponding full lengdi 
sequences of SEQ ID NO:l and SEQ ID NO:2. 

Accordingly, in a furdier aspect, the present invention provides for an isolated polynucleotide 
comprising: 

(a) a nucleotide sequence which has at least 70% identity, preferably at least 80% identity, more 
preferably at least 90% identity, yet more preferably at least 95% identity, even more preferably 
at least 97-99% identity to SEQ ID NO:3 over the entire length of SEQ ID NO:3; 

(b) a nucleotide sequence which has at least 70% identity, preferably at least 80% identity, more 
preferably at least 90% identity, yet more preferably at least 95% ideniit\% even more preferably 
at least 97-99% identity, to SEQ ID NO:3 over the entire length of SEQ ID NO:3; 

(c) die polynucleotide of SEQ ID NO:3; or 

(d) a nucleotide sequence encoding a polypeptide which has at least 70% identity, preferably at least 
80% identity, more preferably at least 90% identity, yet more preferably at least 95% identity, 
even more preferably at least 97-99% identity, to the amino acid sequence of SEQ ID NO:4, over 
the entire length of SEQ ID NO:4; 

as well as die polynucleotide of SEQ ID NO;3. 

The present invention further provides for a polypeptide which; 

(a) comprises an amino acid sequence which has at least 70% identity, preferably at least 80% 
identity, more preferably at least 90% identity, yet more preferably at least 95% identity, most 
preferably at least 97-99% identity, to that of SEQ ID NO:4 over the entire length of SEQ ID 
NO:4; 

(b) has an amino acid sequence which is at least 70% identity, preferably at least 80% identity, 
more preferably at least 90% identity, yet more preferably at least 95% identity, most preferably 
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at least 97-99% identity, to the amino acid sequence of SEQ ID NO:4 over the entire length of 
SEQ ID NO:4; 

(c) comprises the amino acid of SEQ ID NO:4; and 

(d) is the polypeptide of SEQ ID NO:4; 

as well as polypeptides encoded by a polynucleotide comprising the sequence contained in SEQ ID 
NO:3. 

The nucleotide sequence of SEQ ID NO: 3 and the peptide sequence encoded thereby are 
derived from EST (Expressed Sequence Tag) sequences. It is recognized by those skilled in the 
art that there will inevitably be some nucleotide sequence reading errors in EST sequences (see 
Adams, M.D. ei aL Namre 377 (supp) 3, 1995). Accordingly, the nucleotide sequence of SEQ 
ID NO:3 and the peptide sequence encoded therefrom are therefore subject to the same iniierent 
limitations in sequence accuracy. Furthermore, the peptide sequence encoded by SEQ ID NO:3 
comprises a region of identity or close homology and/or close structural similarity (for example a 
conservative amino acid difference) with the closest homologous or structurally similar protein. 

Polynucleotides of the present invention may be obtained, using standard cloning and 
screening techniques, from a cDNA library derived from niRNA in cells of human fetal brain, using 
the expressed sequence tag (EST) analysis (Adams, M.D., ei aL Science (1991) 252:1651-1656; 
Adams, M.D. etaL, Nature, (1992) i55:632-634; Adams, M.D., etai. Nature (1995) 377 
Supp:3-174). Polynucleotides of the invention can also be obtained from natural sources such as 
genomic DNA libraries or can be synthesized using well known and commercially available 
techniques. 

When polynucleotides of the present invention are used for the recombinant production of 
polypeptides of the present invention, the polynucleotide may include the coding sequence for the 
mature polypeptide, by itself; or tlie coding sequence for the mamre polypeptide in reading frame 
witli other coding sequences, such as diose encoding a leader or secretory sequence, a pre-, or pro- or 
prepro- protein sequence, or odier fusion peptide portions. For example, a marker sequence which 
facilitates purification of Uie fused polypeptide can be encoded. In certain preferred embodiments of 
this asf>ect of the invention, the marker sequence is a hexa-hisiidine peptide, as provided in tlie pQE 
vector (Qiagen, Inc.) and described in Gentz et aL , Proc Natl Acad Set USA (1989) 86:821-824. or is 
an HA tag. The polynucleotide may also contain non-coding 5' and 3* sequences, such as 
transcribed, non-translated sequences, splicing and polyadenylation signals, ribosome binding sites 
and sequences that stabilize mRNA. 
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Furtiier einbodimenLs of the present invention include polynucleotides encoding polypeptide 
variants which comprise tlie amino acid sequence of SEQ ID NO:2 and in which several, for instance 
from 5 to 10, I to 5, I to 3, I to 2 or I , amino acid residues are substiaited, deleted or added, in any 
combination. 

Polynucleotides which are identical or sufficiently identical to a nucleotide sequence 
contained in SEQ ID NO: 1 , may be used as hybridization probes for cDNA and genomic DNA or as 
primers for a nucleic acid amplification (PCR) reaction, to isolate full-length cDNAs and genomic 
clones encoding polypeptides of tlie present invention and to isolate cDNA and genomic clones of 
other genes (including genes encoding homologs and ortliologs from species otiier dian human) tliat 
have a high sequence similarity to SEQ ID NO: 1 . Typically these nucleotide sequences are 70% 
identical, preferably 80% identical, more preferably 90% identical, most preferably 95% identical to 
that of the referent. The probes or primers will generally comprise at least 15 nucleotides, 
preferably, at least 30 nucleotides and may have at least 50 nucleotides. Particularly preferred probes 
will have between 30 and 50 nucleotides. 

A polynucleotide encoding a polypeptide of tlie present invention, including homologs and 
orthologs trom species other than human, may be obtained by a process which comprises die steps of 
screening an appropriate library under stringent hybridization conditions with a labeled probe having 
the sequence of SEQ ID NO: 1 or a fragment thereof; and isolating fuU-lengtli cDNA and genomic 
clones containing said polynucleotide sequence. Such hybridization techniques are well known to die 
skilled artisan. Preferred stringent hybridization conditions include overnight incubation at 42^C in a 
solution comprising: 50% formamide, 5xSSC (150niM NaCl, 15mM trisodium citrate), 50 mM 
sodium phosphate (pH7.6), 5x Denhardt's solution, 10 % dextran sulfate, and 20 microgram/ml 
denatured, sheared salmon sperm DNA; followed by washing the filters in 0. Ix SSC at about 65^C. 
Thus the present invention also includes polynucleotides obtainable by screening an appropriate 
library under stringent hybridization conditions with a labeled probe having tlie sequence of SEQ ID 
NO; 1 or a fragment thereof 

The skilled artisan will appreciate that, in many cases, an isolated cDNA sequence will be 
incomplete, in that the region coding for the polypeptide is cut short at the 5' end of the cDNA. 
This is a consequence of reverse transcriptase, an enzyme with inherently low 'processivity' (a 
measure of the ability of the enzyme to remain attached to the template during the polymerisation 
reaction), failing to complete a DNA copy of the mRNA template during 1st strand cDNA 
synthesis. 
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There arc several methods available and well known to those skilled in the art to obtain 
full-length cDN As. or extend short cDNAs, for example those based on the method of Rapid 
Amplification of cDNA ends (RACE) (see, for example, Frohman et al., PNAS USA 85. 8998- 
9002, 1988). Recent modifications of the technique, exemplified by the Marathon''"*' technology 
(Clonrech Laboratories Inc.) for example, have significantly simplified the search for longer 
cDNAs. In the Marathon™ technology, cDNAs have been prepared from mRNA extracted from 
a chosen tissue and an 'adaptor' sequence ligated onto each end. Nucleic acid amplification (PCR) 
is then carried out to amplify the 'missing' 5' end of the cDNA using a combination of gene 
specific and adaptor specific oligonucleotide primers. The PCR reaction is then repeated using 
'nested' primers, that is, primers designed to anneal within the amplified product (typically an 
adaptor specific primer that anneals further 3' in the adaptor sequence and a gene specific primer 
that anneals further 5' in the known gene sequence). The products of this reaction can then be 
analyzed by DNA sequencing and a full-length cDNA constructed either by joining the product 
directly to the exisung cDNA to give a complete sequence, or carrying out a separate full-length 
PCR using the new sequence information for the design of the 5' primer. 

Recombinant polypeptides of die present invention may be prepared by processes well known 
in the art from genetically engineered host cells comprising expression systems. Accordingly, in a 
further aspect, the present invention relates to expression systems which comprise a polynucleotide or 
polynucleotides of tlie present invention, to host cells which are genetically engineered witli such 
expression systems and to the production of polypeptides of the invention by recombinant techniques. 
Cell-free translation systems can also be employed to produce such proteins using RNAs derived from 
the DNA constructs of the present invention. 

For recombinant production, host cells can be genetically engineered to incorporate 
expression systems or portions thereof for polynucleotides of die present invention. Introduction of 
polynucleotides into host cells can be effected by methods described in many standard laboratory 
manuals, such as Davis et al., Basic Metliods in Molecular Biology (1986) and Sambrook et al,, 
Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, N.Y. (1989). Preferred such methods include, for instance, calcium phosphate 
transfection, DEAE-dextran mediated transfection, transvection, microinjection, cationic lipid- 
mediated transfection, eleciroporation, transduction, scrape loading, ballistic introduction or infection. 

Representative examples of appropriate hosts include bacterial cells, such as streptococci, 
staphylococci, E, coli, Streptoniyces and Bacillus subtilis cells; fungal cells, such as yeast cells and 
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Aspergiilus cells; insect cells such as Drosophila SI and Spodoptera Sf9 cells; animal cells such as 
CHO, COS, HeLa, C127, 3T3, BHK, HEK 293 and Bowes melanoma cells; and plant cells. 

A great variety of expression systems can be used, for instance, chromosomal episomal and 
virus-derived systems, e.g., vectors derived from bacterial plasmids, from bacteriophage, from 
transposons, from yeast episomes, from insertion elements, from yeast chromosomal elements, from 
viruses such as baculoviruses, papova vinises, such as SV40, vaccinia viruses, adenovimses. fowl 
pox viruses, pseudorabies viruses and retroviruses, and vectors derived from combinations thereof, 
such as those derived from plasmid and bacteriophage genetic elements, such as cosmids and 
phagemids. The expression systems may contain control regions that regulate as well as encender 
expression. Generally, any system or vector which is able to maintain, propagate or express a 
polynucleotide to produce a polypeptide in a host may be used. The appropriate nucleotide sequence 
may be inserted into an expression system by any of a variet>' of well-known and routine techniques, 
such as, for example, tliose set forth in Sambrook et al.. MOLECULAR CLONING. A LABORATORY 
MANU.AL (supra). Appropriate secretion signals may be incorporated into tlie desired polypeptide to 
allow secretion of tlie translated protein into the lumen of the endoplasmic reticulum, the periplasmic 
space or tlie extracellular environment. These signals may be endogenous to the polypeptide or tliey 
may be heterologous signals. 

If a polypeptide of the present invention is to be expressed for use in screening assays, it is 
generally preferred that the polypeptide be produced at the surface of the cell. In this event, the 
cells may be harvested prior to use in the screening assay. If the polypeptide is secreted into the 
medium, the medium can be recovered in order to recover and purify the polypeptide. If 
produced intracellularly, the cells must first be lysed before the polypeptide is recovered. 

Polypeptides of the present invention can be recovered and purified from recombinant cell 
cultures by well-known mediods including ammonium sulfate or ethanol precipitation, acid extraction, 
anion or cation exchange chromatography, phosphocellulose chromatography, hydrophobic 
interaction chromatography, affinity chromatography, hydroxylapatite chromatography and lectin 
chromatography. Most preferably, high performance liquid chromatography is employed for 
purification. Well known techniques for refolding proteins may be employed to regenerate active 
conformation when the polypeptide is denatured during isolation and or purification. 

This invention also relates to the use of polynucleotides of the present invention as diagnostic 
reagents. Detection of a mutated form of the gene characterized by the polynucleotide of SEQ ID 
NO: I which is associated with a dysfunction will provide a diagnostic tool that can add to, or define, 
a diagnosis of a disease, or susceptibility to a disease, which results from under-expression, over- 
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expression or altered expression of ihe gene. Individuals carrying mutations in the gene may be 
detected at the DNA level by a variety of tecliniques. 

Nucleic acids for diagnosis may be obtained from a subject's cells, such as from blood, urine, 
saliva, tissue biopsy or autopsy material. The genomic DNA may be used directly for detection or 
may be amplified enzymatically by using PGR or other amplification techniques prior to analysis. 
RNA or cDNA may also be used in similar fashion. Deletions and insertions can be detected by a 
change in size of the amplified product in comparison to tlie normal genotype. Point mutations can be 
identified by hybridizing amplified DNA to labeled AXOR-2 nucleotide sequences. Perfectly 
matched sequences can be distinguished from mismatched duplexes by RNase digestion or by 
differences in melting temperatures, DNA sequence differences may also be detected by alterations 
in electrophoretic mobility of DNA fragments in gels, with or without denaturing agents, or by direct 
DNA sequencing (e.g., Myers et aL. Science {\9%5) 230: 1242). Sequence changes at specific 
locations may also be revealed by nuclease protection assays, such as RNase and SI protection or tlie 
chemical cleavage mediod (see Cotton et aL. Proc Natl Acad Sci USA (1985) 85: 4397-4401). hi 
another embodiment, an array of oligonucleotides probes comprising AXOR-2 nucleotide sequence or 
fragments thereof can be constructed to conduct efficient screening of e.g., genetic mutations. Array 
technology metliods are well known and have general applicability and can be used to address a 
variety of questions in molecular genetics including gene expression, genetic linkage, and genetic 
variability (see for example: M.Chee et al.. Science, Vol 274, pp 610-613 (1996)). 

The diagnostic assays offer a process for diagnosing or determining a susceptibilit>' to the 
Diseases tlirough detection of mutation in the AXOR-2 gene by the methods described. In addition, 
such diseases may be diagnosed by methods comprising determining from a sample derived from a 
subject an abnormally decreased or increased level of polypeptide or mRNA. Decreased or 
increased expression can be measured at the RNA level using any of the methods well known in 
the art for the quantitation of polynucleotides, such as, for example, nucleic acid amplification, for 
instance PGR, RT-PCR, RNase protection, Northern blotting and other hybridization methods. 
Assay techniques that can be used to determine levels of a protein, such as a polypeptide of the 
present invention, in a sample derived from a host are well-known to those of skill in the art. Such 
assay methods include radioimmunoassays, competitive-binding assays. Western Blot analysis and 
ELISA assays. 

Thus in another aspect, the present invention relates to a diagnostic kit which comprises: 

(a) a polynucleotide of the present invention, preferably the nucleotide sequence of SEQ ID NO: 
I, or a fragment thereof ; 
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(b) a nucleotide sequence complementary to that of (a); 

(c) a polypeptide of the present invention, preferably the polypeptide of SEQ ID NO:2 or a 
fragment thereof; or 

(d) an antibody to a polypeptide of the present invention, preferably to the polypeptide of SEQ ID 

NO:2. 

It will be appreciated that in any such kit, (a), (b), (c.) or (d) may comprise a substantial 
component. Such a kit will be of use in diagnosing a disease or susceptibility to a disease, 
particularly infections such as bacterial, fungal, protozoan and viral infections, particularly infections 
caused by HIV-1 or HlV-2; pain; cancers; diabetes, obesity; anorexia; bulimia; asthma; Parkinson's 
disease; acute heart failure; hypotension; hypertension: urinary retention: osteoporosis; ansina 
pectoris: myocardial infarction: stroke: ulcers; asthma: allergies: benign prostatic hypertrophy; 
migraine: vomiting; psychotic and neurological disorders, including anxiety, schizophrenia, manic 
depression, depression, delirium, dementia, and severe mental retardation: and dyskinesias, such as 
Huntington's disease or Gilles dela Tourett's syndrome, amongst others. 

The nucleotide sequences of die present invention are also valuable for chromosome 
identification. The sequence is specifically targeted to, and can hybridize with, a particular location 
on an individual human chromosome. The mapping of relevant sequences to chromosomes according 
to the present invention is an important first step in correlating those sequences with gene associated 
disease. Once a sequence has been mapped to a precise chromosomal location, tlie physical position 
of the sequence on the chromosome can be correlated with genetic map data. Such data are found in, 
for example, V. McKusick, Mendelian Inheritance in Man (available on-line dirough Jolms Hopkins 
University Welch Medical Library). The relationship between genes and diseases that have been 
mapped to the same chromosomal region are then identified through linkage analysis (coinheritance of 
physically adjacent genes). 

The differences in the cDNA or genomic sequence between affected and unaffected 
individuals can also be determined. If a mutation is observed in some or all of the affected 
individuals but not in any normal individuals, then the mutation is likely to be the causative agent 
of the disease. 

The polypeptides of the invention or their fragments or analogs thereof, or cells expressing 
them, can also be used as immunogens to produce antibodies immunospecific for polypeptides of the 
present invention. The term 'Mmmunospecific'' means that the antibodies have substantially greater 
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affinity for Uie polypeptides of tlie invention than their affinity for otlier related polypeptides in die 
prior art. 

Antibodies generated against polypeptides of the present invention may be obtained by 
administering tlie polypeptides or epitope-bearing fragments, analogs or cells to an animal, preferably 
5 a non-human animal, using routine protocols. For preparation of monoclonal antibodies, any 

technique which provides antibodies produced by continuous cell line cultures can be used. Examples 
include die hybridoma technique (Kohler, G. and Milstein, C, Nature (1975) 256:495-497), die 
trionia technique, the human B-cell hybridoma technique (Kozbor etaL, Immunology Today (1983) 
4:72) and the EBV-hybridoma technique (Cole et aL, MONOCLONAL ANTIBODIES AND 
10 CANCER THERAPY, pp. 77-96, Alan R. Liss, Inc., 1985). 

Techniques for tlie production of single chain antibodies, such as tliose described in U.S. 
Patent No. 4,946,778, can also be adapted to produce single chain antibodies to polypeptides of diis 
invention. Also, transgenic mice, or odier organisms, including odier mammals, may be used to 
express humanized antibodies. 

15 The above-described antibodies may be employed to isolate or to identifv-' clones expressing 

the polypeptide or to purify the polypeptides by affinity chromatography. 

Antibodies against polypeptides of the present invention may also be employed to treat the 
Diseases, amongst others. 

In a further aspect, the present invention relates to genetically engineered, soluble fusion 
20 proteins comprising a polypeptide of the present invention, or a fragment thereof, and various 

portions of the constant regions of heavy or light chains of immunoglobulins of various subclasses 
(IgG, IgM, IgA, IgE). Preferred as an immunoglobulin is the constant part of the heavy chain of 
human IgG, particularly IgGI, where fusion takes place at die hinge region. In a particular 
embodiment, the Fc part can be removed simply by incorporation of a cleavage sequence which 
25 can be cleaved with blood clotting factor Xa. Furthermore, this invention relates to processes for 
the preparation of these fusion proteins by genetic engineering, and to the use thereof for drug 
screening, diagnosis and therapy. A further aspect of the invention also relates to polynucleotides 
encoding such fusion proteins. Examples of fusion protein technology can be found in 
International Patent Application Nos. W094/29458 and W094/22914. 

30 Another aspect of the invention relates to a method for inducing an immunological 

response in a mammal which comprises inoculating the mammal with a polypeptide of the present 
invention, adequate to produce antibody and/or T cell immune response to protect said animal 
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from the Diseases hereinbefore mentioned, amongst others. Yei another aspect of the invention 
relates to a method of inducing immunological response in a marnnial which comprises, deUveriniz 
a polypeptide of the present invention via a vector directing expression of the polynucleotide and 
coding for the polypeptide /// vivo in order to induce such an immunological response to produce 
antibody to protect said animal from diseases. 

A further aspect of the invention relates to an immunological/vaccine formulation 
(composition) which, when introduced into a mammalian host, induces an immunological response 
in that mammal to a polypeptide of the present invention wherein the composition comprises a 
polypeptide or polynucleotide of the present invention. The vaccine formulation may further 
comprise a suitable carrier. Since a polypeptide may be broken down in the stomach, it is 
preferably administered parenterally (for instance, subcutaneous, intramuscular, intravenous, or 
intradermal injection). Formulations suitable for parenteral administration include aqueous and 
non-aqueous sterile injection solutions which may contain anti-oxidants, buffers, bacteriostats and 
solutes which render the formulation isotonic with the blood of the recipient; and aqueous and 
non-aqueous sterile suspensions which may include suspending agents or thickening agents. The 
formulations may be presented in unit-dose or multi-dose containers, for example, sealed 
ampoules and viais and may be stored in a freeze-dried condition requiring only the addition of the 
sterile liquid carrier immediately prior to use. The vaccine formulation may also include adjuvant 
systems for enhancing the immunogenicity of the formulation, such as oil-in water systems and 
other systems known in the art. The dosage will depend on the specific activity of the vaccine and 
can be readily determined by routine experimentation. 

Polypeptides of the present invention are responsible for many biological functions, including 
many disease states, in particular the Diseases hereinbefore mentioned. It is therefore desirous to 
devise screening methods to identify compounds which stimulate or which inhibit the function of tlie 
polypeptide. Accordingly, in a furtlier aspect, the present invention provides for a method of 
screening compounds to identify' those which stimulate or which inhibit tlie function of tlie 
polypeptide. In general, agonists or antagonists may be employed for tlierapeutic and prophylactic 
purposes for such Diseases as hereinbefore mentioned. Compounds may be identified from a variety 
of sources, for example, cells, cell-free preparations, chemical libraries, and natural product 
mixaires. Such agonists, antagonists or inhibitors so-identified may be natural or modified substrates, 
ligands, receptors, enzymes, etc., as the case may be, of the polypeptide; or may be structural or 
functional mimetics tliereof (see Coligan e! oL , Current Protocols in Immunology l(2):Chapter 5 
(1991)). 
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The screening method may simply measure the binding of a candidate compound to the 
polypeptide, or to cells or membranes bearing the polypeptide, or a fusion protein thereof by 
means of a label directly or indirectly associated with the candidate compound. Alternatively, the 
screening method may involve competition with a labeled competitor. Further, these screening 
5 methods may test whether the candidate compound results in a signal generated by activation or 
inhibition of the polypeptide, using detection systems appropriate to the cells bearing the 
polypeptide. Inhibitors of activation are generally assayed in the presence of a known agonist and 
the effect on activation by the agonist by the presence of the candidate compound is observed. 
Constitutively active polypeptides may be employed in screening methods for inverse agonists or 

10 inhibitors, in the absence of an agonist or inhibitor, by testing whether the candidate compound 
results in inhibition of activation of the polypeptide. Further, the screening methods may simply 
comprise the steps of mixing a candidate compound with a solution containing a polypeptide of the 
present invention, to form a mixaire, measuring AXOR-2 activity in the mixture, and comparing 
the AXOR-2 activity of the mixmre to a standard. Fusion proteins, such as those made from Fc 

15 portion and AXOR-2 polypeptide, as hereinbefore described, can also be used for high-throughput 
screening assays to identify antagonists for the polypeptide of the present invention (see D. 
Bennett et al.. J Mol Recognition, 8:52-58 (1995); and K. Johanson et al,, J Biol Chem, 
270(16):9459-9471 (1995)). 

One screening teclinique includes the use of cells which express receptors of diis invention 
20 (for example, transfected CHO cells) in a system which measures extracellular pH or intracellular 

calcium changes caused by receptor activation. In this technique, compounds may be contacted witii 
cells expressing the receptor polypeptide of the present invention. A second messenger response, 
e.g., signal transduction, pH changes, or changes in calcium level, is then measured to determine 
whether tJie potential compound activates or inhibits the receptor. 

25 Another method involves screening for receptor inliibitors by determining inhibuion or 

stimulation of receptor-mediated cAMP and/or adenylate cyclase accumulation. Such a method 
involves transfecting a eukaryotic cell with the receptor of tliis invention to express die receptor on 
the cell surface. The cell is then exposed to potential antagonists in the presence of the receptor of 
this invention. The amount of cAMP accumulation is then measured. If tlie potential antagonist 

30 binds the receptor, and thus inhibits receptor binding, the levels of receptor-mediated cAMP, or 
adenylate cyclase, activity will be reduced or increased. 

Another method for detecting agonists or antagonists for the receptor of the present invention 
is the yeast based technology as described in U.S. Patent No. 5,482,835. 
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The polynucleotides, polypeptides and antibodies to the polypeptide of the present invention 
may also be used to configure screening methods for detecting the effect of added compounds on 
the production of mRNA and polypeptide in cells. For example, an ELISA assay may be 
constructed for measuring secreted or cell associated levels of pol>T3eptide using monoclonal and 
5 polyclonal antibodies by standard methods known in the art. This can be used to discover agents 
which may inhibit or enhance the production of polypeptide (also called antagonist or agonist, 
respectively) from suitably manipulated cells or tissues. 

The polypeptide may be used to identify membrane bound or soluble receptors, if any, 
through standard receptor binding techniques known in the art. These include, but are not limited 

10 to, ligand binding and crosslinking assays in which the polypeptide is labeled with a radioactive 

isotope (for instance, ^-^1). chemically modified (for instance, biotinylated), or fused to a peptide 
sequence suitable for detection or purification, and incubated with a source of the putative receptor 
(cells, cell membranes, cell supernatants, tissue extracts, bodily fluids). Other methods include 
biophysical techniques such as surface plasmon resonance and spectroscopy. These screening 

15 methods may also be used to identify agonists and antagonists of the polypeptide which compete 
with the binding of the polypeptide to its receptors, if any. Standard methods for conducting such 
assays are well understood in the art. 

Examples of potential polypeptide antagonists include antibodies or, in some cases, 
oligonucleotides or proteins which are closely related to tlie ligands, substrates, receptors, enzymes, 
20 etc., as the case may be, of tlie polypeptide, e.g., a fragment of the ligands, substrates, receptors, 
enzymes, etc.; or small molecules which bind to tlie polypeptide of the present invention but do not 
elicit a response, so that tlie activity of tlie polypeptide is prevented. 

Thus, in another aspect, the present invention relates to a screening kit for identifying 
agonists, antagonists, ligands, receptors, substrates, enzymes, etc. for polypeptides of the present 
25 invention; or compounds which decrease or enhance the production of such polypeptides, which 
comprises: 

(a) a polypeptide of the present invention; 

(b) a recombinant cell expressing a polypeptide of the present invention; 

(c) a cell membrane expressing a polypeptide of the present invention; or 
30 (d) antibody to a polypeptide of the present invention; 

which polypeptide is preferably that of SEQ ID NO:2. 
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It will be appreciated that in any such kit, (a), (b), (c) or (d) may comprise a substantial 
component. 

It will be readily appreciated by the skilled artisan that a polypeptide of the present 
invention may also be used in a method for the structure-based design of an agonist, antagonist or 
inhibitor of the polypeptide, by: 

(a) determining in the first instance the three-dimensional structure of the polypeptide; 

(b) deducing the three-dimensional structure for the likely reactive or binding site(s) of an 
agonist, antagonist or inliibitor; 

(c) synthesizing candidate compounds that are predicted to bind to or react with the deduced 
binding or reactive site; and 

(d) testing whether the candidate compounds are indeed agonists, antagonists or inhibitors. 

k will be further appreciated that this will normally be an interactive process. 

In a furdier aspect, tlie present invention provides methods of treating abnormal conditions 
such as, for instance, infections such as bacterial, fungal, protozoan and viral infections, particularly 
infections caused by HIV-1 or HIV-2; pain; cancers; diabetes, obesity; anorexia; bulimia: asthma; 
Parkinson's disease; acute heart failure; hypotension; hypertension; urinary retention; osteoporosis; 
angina pectoris; myocardial infarction; stroke; ulcers; asthma; allergies; benign prostatic hypertrophy; 
migraine; vomiting; psychotic and neurological disorders, including anxiety, schizophrenia, manic 
depression, depression, delirium, dementia, and severe mental retardation; and dyskinesias, such as 
Huntington's disease or Gilles dela Tourett's syndrome, related to either an excess of, or an under- 
expression of, AXOR-2 polypeptide activity. 

If die activity of the polypeptide is in excess, several approaches are available. One approach 
comprises administering to a subject in need thereof an inhibitor compound (antagonist) as 
hereinabove described, optionally in combination with a pharmaceutically acceptable carrier, in an 
amount effective to inhibit the function of the polypeptide, such as, for example, by blocking tlie 
binding of ligands, substrates, receptors, enzymes, etc., or by inhibiting a second signal, and thereby 
alleviating the abnormal condition. In another approach, soluble forms of the polypeptides still 
capable of binding the ligand, substrate, enzymes, receptors, etc. in competition with endogenous 
polypeptide may be administered. Typical examples of such competitors include fragments of the 
AXOR-2 polypeptide. 
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In still another approach, expression of the gene encoding endogenous AXOR-2 
polypeptide can be inhibited using expression blocking techniques. Known such techniques 
involve the use of antisense sequences, either internally generated or separately administered (see, 
for example, O'Connor, J Neurochem (1991) 56:560 in Oligodeoxynucleotides as Antisense 
Inhibitors of Gene Expression, CRC Press, Boca Raton, FL (1988)). Alternatively, 
oligonucleotides which fornn triple helices with the gene can be supplied (see, for example, Lee et 
aL, Nucleic Acids Res (1979) 6:3073; Cooney et aL, Science (1988) 241:456; Dervan et aL, 
Science (1991) 251 : 1360). These oligomers can be administered per se or the relevant oligomers 
can be expressed in vivo. 

For treating abnormal conditions related to an under-expression of AXOR-2 and its activity, 
several approaches are also available. One approach comprises administering to a subject a 
tlierapeutically effective amount of a compound which activates a polypeptide of tlie present 
invention, i.e., an agonist as described above, in combination with a pharmaceutically acceptable 
carrier, to tliereby alleviate the abnormal condition. Alternatively, gene therapy may be employed to 
effect die endogenous production of AXOR-2 by the relevant cells in the subject. For example, a 
polynucleotide of the invention may be engineered for expression in a replication defective retroviral 
vector, as discussed above. The retroviral expression construct may then be isolated and introduced 
into a packaging cell transduced with a retroviral plasmid vector containing RNA encoding a 
polypeptide of die present invention such that the packaging cell now produces infectious viral 
panicles containing the gene of interest. These producer cells may be administered to a subject for 
engineering cells in vivo and expression of the polypeptide in vivo. For an overview of gene therapy, 
see Chapter 20, Gene Tlierapy and other Molecular Genetic-based Vierapeutic Approaches, (and 
references cited therein) in Human Molecular Genetics, T Strachan and A P Read, BIOS Scientific 
Publishers Ltd (1996). Anodier approach is to administer a therapeutic amount of a polypeptide of 
the present invention in combinadon with a suitable pharmaceutical carrier. 

In a further aspect, the present invention provides for pharmaceutical compositions 
comprising a therapeutically effective amount of a polypeptide, such as the soluble form of a 
polypeptide of the present invention, agonist/antagonist peptide or small molecule compound, in 
combination with a pharmaceutically acceptable carrier or excipient. Such carriers include, but are 
not limited to, saline, buffered saline, dextrose, water, glycerol, ethanol, and combinations thereof. 
The invention further relates to pharmaceutical packs and kits comprising one or more containers 
filled with one or more of the ingredients of tlie aforementioned compositions of the invention. 
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Polypeptides and odier compounds of the present invention may be employed alone or in conjunction 
with other compounds, such as therapeutic compounds. 

The composition will be adapted to the route of administration, for instance by a systemic or 
an oral route. Preferred forms of systemic administration include injection, typically by intravenous 

5 injection. Otlier injection routes, such as subcutaneous, intramuscular, or intraperitoneal, can be 
used. Alternative means for systemic administration include transmucosal and transdermal 
administration using penetrants such as bile salts or fusidic acids or other detergents. In addition, if a 
polypeptide or otlier compounds of die present invention can be formulated in an enteric or an 
encapsulated formulation, oral administration may also be possible. Administration of these 

10 compounds may also be topical and/or Ux;alized, in the fonii of salves, pastes, gels, and the like. 

The dosage range required depends on tlie choice of peptide or odier compounds of the 
present invention, Uie route of administration, the nature of the formulation, die naaire of the 
subject's condition, and die judgment of die attending practitioner. Suitable dosages, however, are in 
the range of 0. l-lOO fxg/kg of subject. Wide variations in die needed dosage, however, are to be 
1 5 expected in view of the variety of compounds available and die differing efficiencies of various routes 
of administration. For example, oral administration would be expected to require higher dosages dian 
administration by intravenous injecuon. Variations in diese dosage levels can be adjusted using 
standard empirical routines for optimization, as is well understood in die art. 

Polypeptides used in treatment can also be generated endogenously in die subject, in 
20 treatment modalities often referred to as "gene dierapy" as described above. Thus, for example, cells 
from a subject may be engineered widi a polynucleotide, such as a DNA or RNA, to encode a 
polypeptide ex vivo, and for example, by die use of a retroviral plasmid vector. The cells are then 
introduced into the subject. 

Polynucleotide and polypeptide sequences form a valuable information resource widi which 
25 ^ to identify furdier sequences of similar homology. . This is most easily facilitated by storing die 
sequence in a computer readable medium and dien using the stored data to search a sequence 
database using well known searching tools, such as GCC, Accordingly, in a further aspect, die 
present invention provides for a computer readable medium having stored thereon a polynucleotide 
comprising the sequence of SEQ ID NO: 1 and/or a polypeptide sequence encoded thereby. 

30 The following definitions are provided to facilitate understanding of certain terms used 

frequently hereinbefore. 
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*'Antibodies'' as used herein includes polyclonal and monoclonal antibodies, chimeric, 
single chain, and humanized antibodies, as well as Fab fragments, including the products of an 
Fab or other immunoglobulin expression library. 

"Isolated" means altered "by the hand of man" from the natural state. If an "isolated" 
5 composition or substance occurs in nature, it has been changed or removed from its original 

environment, or both. For example, a polynucleotide or a polypeptide namrally present in a living 
animal is not "isolated," but the same polynucleotide or polypeptide separated from the coexisting 
materials of its natural state is "isolated", as the term is employed herein. 

"Polynucleotide" generally refers to any polyribonucleotide or polydeoxribonucleoiide, 
10 which may be unmodified RNA or DNA or modified RNA or DNA. "Polynucleotides" include, 
without limitation, single- and double-stranded DNA, DNA that is a mixture of single- and 
double-stranded regions, single- and double-stranded RNA, and RNA that is mixture of single- 
and double-stranded regions, hybrid molecules comprising DNA and RNA that may be single- 
stranded or, more typically, double-stranded or a mixture of single- and double-stranded regions. 
15 In addition, "polynucleotide" refers to triple-stranded regions comprising RNA or DNA or both 

RNA and DNA. The term "polynucleotide" also includes DNAs or RNAs containing one or more 
modified bases and DNAs or RNAs with backbones modified for stability or for other reasons. 
"Modified" bases include, for example, tritylated bases and unusual bases such as inosine. A 
variety of modifications may be made to DNA and RNA; thus, "polynucleotide" embraces 
20 chemically, enzymatically or metabolically modified forms of polynucleotides as typically found in 
naoire, as well as the chemical forms of DNA and RNA characteristic of viruses and cells. 
"Polynucleotide" also embraces relatively short polynucleotides, often referred to as 
oligonucleotides. 

"Polypeptide" refers to any peptide or protein comprising two or more amino acids joined 
25 to each other by peptide bonds or modified peptide bonds, i.e., peptide isosteres. "Polypeptide" 
refers to both short chains, commonly referred to as peptides, oligopeptides or oligomers, and to 
longer chains, generally referred to as proteins. Polypeptides may contain amino acids other than 
the 20 gene-encoded amino acids. "Polypeptides" include amino acid sequences modified either 
by natural processes, such as post-translational processing, or by chemical modification techniques 
30 which are well known in the art. Such modifications are well described in basic texts and in more 
detailed monographs, as well as in a voluminous research literamre. Modifications may occur 
anywhere in a polypeptide, including the peptide backbone, the amino acid side-chains and the 
amino or carboxyl termini. It will be appreciated that the same type of modification may be 
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present to the same or varying degrees at several sites in a given polypeptide. Also, a given 
polypeptide may contain many types of modifications. Polypeptides may be branched as a result 
of ubiquitination, and they may be cyclic, with or without branching. Cyclic, branched and 
branched cyclic polypeptides may result from post-translation natural processes or may be made 
5 by synthetic methods. Modifications include acetylation, acylation, ADP-ribosylation, amidation, 
covalent attachment of flavin, covalent attachment of a heme moiety, covalent attachment of a 
nucleotide or nucleotide derivative, covalent attachment of a lipid or lipid derivative, covalent 
attachment of phosphotidylinositol, cross-linking, cyclization, disulfide bond formation, 
demethylation, formation of covalent cross-links, formation of cystine, formation of 

10 pyrogluiamate, formylation, gamma-carboxylation, glycosylation, GPI anchor formation, 
hydroxylation, iodination, methylation, myristoylation, oxidation, proteolytic processing, 
phosphorylation, prenylation, racemization, seienoylation, sulfation, transfer-RNA mediated 
addition of amino acids to proteins such as arginylation, and ubiquitination (see, for instance, 
PROTEINS - STRUCTURE AND MOLECULAR PROPERTIES, 2nd Ed., T, E. Creighton, 

15 W. H. Freeman and Company, New York, 1993; Wold, P., Post-translational Protein 

Modifications: Perspectives and Prospects, pgs. 1-12 in POSTTRANSLATIONAL COVALENT 
MODIFICATION OF PROTEINS, B. C. Johnson, Ed., Academic Press, New York, 1983; 
Seifter et aL, "Analysis for protein modifications and nonprotein cofactors", Meth Enzymol (1990) 
182:626-646 and Rattan etal., "Protein Synthesis: Post-translational Modifications and Aging", 

20 Ann NY Acad Sci (1992) 663:48-62). 

"Variant" refers to a polynucleotide or polypeptide that differs from a reference 
polynucleotide or polypeptide, but retains essential properties. A typical variant of a 
polynucleotide differs in nucleotide sequence from another, reference polynucleotide. Changes in 
the nucleotide sequence of the variant may or may not alter the amino acid sequence of a 

25 polypeptide encoded by the reference polynucleotide. Nucleotide changes may result in amino 
acid substitutions, additions, deletions, fusions and truncations in the polypeptide encoded by the 
reference sequence, as discussed below. A typical variant of a polypeptide differs in amino acid 
sequence from another, reference polypeptide. Generally, differences are limited so that the 
sequences of the reference polypeptide and the variant are closely similar overall and, in many 

30 regions, identical. A variant and reference polypeptide may differ in amino acid sequence by one 
or more substinitions, additions, deletions in any combination. A substituted or inserted amino 
acid residue may or may not be one encoded by the genetic code. A variant of a polynucleotide or 
polypeptide may be a naturally occurring such as an allelic variant, or it may be a variant that is 
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not known to occur naturally. Non-naturally occurring variants of polynucleotides and 
polypeptides may be made by mutagenesis techniques or by direct synthesis. 

" Identity," as known in the art, is a relationship between two or more polypeptide 
sequences or two or more polynucleotide sequences, as determined by comparing the sequences. 
In the art, "identity" also means the degree of sequence relatedness between polypeptide or 
polynucleotide sequences, as the case may be, as determined by the match between strings of such 
sequences. "Identity" and "similarity" can be readily calculated by known methods, including but 
not limited to those described in (Computational Molecular Biology , Lesk, A.M., ed., Oxford 
University Press, New York, 1988; Biocomputing: Informatics and Genome Projects. Smith, 
D.W., ed., Academic Press, New York, 1993; Computer Analysis of Sequence Data. Part I, 
Griffin, A.M., and Griffin, H.G., eds., Humana Press, New Jersey, 1994; Sequence Analysis in 
Molecular Biology , von Heinje, G., Academic Press. 1987; and Sequence Analysis Primer, 
Gribskov, M. and Devereux, J., eds,, M Stockton Press, New York, 1991; and Carillo, H., and 
Lipman, D., SIAM 7. Applied Math., 48: 1073 (1988). Preferred methods to determine identity 
are designed to give the largest match between the sequences tested. Methods to determine 
identity and similarity are codified in publicly available computer programs. Preferred computer 
program methods to determine identity and similarity between two sequences include, but are not 
limited to, the GCG program package (Devereux, J,, et aL, Nucleic Acids Research J 2(1): 387 
(1984)), BLASTP, BLASTN, and FASTA (Atschul, S.F. et al., J, Molec. BioL 215: 403-410 
(1990). The BLAST X program is publicly available from NCBI and other sources {BLAST 
Manual, Alischul, S., etaL, NCBI NLM NIH Bethesda, MD 20894; Altschul, S., etaL, J. MoL 
BioL 215: 403-410 (1990). The well known Smith Waterman algorithm may also be used to 
determine identity. 

Preferred parameters for polypeptide sequence comparison include the following: 
1) Algorithm: Needleman and Wunsch, J. Mol Biol. 48: 443-453 (1970) 

Comparison matrix: BLOSSUM62 from Hentikoff and Hentikoff, Proc. Natl. Acad. Sci. USA. 
89:10915-10919 (1992) 

Gap Penalty: 12 

Gap Length Penalty: 4 

A program useful with these parameters is publicly available as the "gap" program from 
Genetics Computer Group, Madison WI. The aforementioned parameters are the default 
parameters for peptide comparisons (along with no penalty for end gaps). 
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Preferred parameters for polynucleotide comparison include the following: 

I) Algorithm: Needleman and Wunsch, J. Mol Biol. 48: 443-453 (1970) 

Comparison matrix: matches = + 10. mismatch = 0 

Gap Penalty: 50 

5 Gap Length Penalty: 3 

Available as: The "gap" program from Genetics Computer Group, Madison WI. These are the 
default parameters for nucleic acid comparisons. 

By way of example, a polynucleotide sequence of the present invention may be identical to 
the reference sequence of SEQ ID NO: 1, that is be 100% identical, or it may include up to a 

10 certain integer number of nucleotide alterations as compared to the reference sequence. Such 

alterations are selected from the group consisting of at least one nucleotide deletion, substitution, 
including transition and transversion, or insertion, and wherein said alterations may occur at the 5' 
or 3' terminal positions of the reference nucleotide sequence or anywhere between those terminal 
positions, interspersed either individually among the nucleotides in the reference sequence or in 

15 one or more contiguous groups within the reference sequence. The number of nucleotide 

alterations is determined by multiplying the total number of nucleotides in SEQ ID NO: 1 by the 
numerical percent of the respective percent identity(divided by 100) and subtracting that product 
from said total number of nucleotides in SEQ ID NO: I, or: 

"n ^ - (xn • y)- 

20 wherein is the number of nucleotide alterations, is the total number of nucleotides in SEQ 
ID NO: I, and y is, for instance, 0.70 for 70%, 0.80 for 80%, 0.85 for 85%, 0.90 for 90%, 0.95 
for 95%, etc., and wherein any non-integer product of and y is rounded down to the nearest 
integer prior to subtracting it from x^. Alterations of a polynucleotide sequence encoding the 
polypeptide of SEQ ID NO:2 may create nonsense, missense or frameshift mutations in this 

25 coding sequence and thereby alter the polypeptide encoded by the polynucleotide following such 
alterations. 

Similarly, a polypeptide sequence of the present invention may be identical to the 
reference sequence of SEQ ID NO:2, that is be 100% identical, or it may include up to a certain 
integer number of amino acid alterations as compared to the reference sequence such that the % 
30 identity is less than 100%. Such alterations are selected from the group consisting of at least one 
amino acid deletion, substitution, including conservative and non-conservative substitution, or 
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insertion, and wlierein said alterations may occur at the amino- or carboxy-ierminal positions of 
the reference polypeptide sequence or anywhere between those terminal positions, interspersed 
either individually among the amino acids in the reference sequence or in one or more contiguous 
groups within the reference sequence. The number of amino acid alterations for a given % identity 
is determined by multiplying the total number of amino acids in SEQ ID NO:2 by the numerical 
percent of the respective percent identity(divided by 100) and then subtracting that product from 
said total number of amino acids in SEQ ID NO;2, or: 

»a^^^a-(^aVy). 

wherein % is the number of amino acid alterations, is tiie total number of amino acids in SEQ 
ID NO:2, and y is, for instance 0.70 for 70%, 0.80 for 80%, 0.85 for 85% etc., and wherein any 
non-integer product of X3 and y is rounded down to the nearest integer prior to subtracting it from 
^a- 

"Fusion protein" refers to a protein encoded by two, often unrelated, fused genes or 
fragments thereof. In one example, EP-A-0 464 discloses fusion proteins comprising various 
portions of constant region of immunoglobulin molecules together with another human protein or 
part thereof. In many cases, employing an immunoglobulin Fc region as a part of a fusion 
protein is advantageous for use in therapy and diagnosis resulting in, for example, improved 
pharmacokinetic properties [see, e.g., EP-A 0232 262]. On the other hand, for some uses it 
would be desirable to be able to delete the Fc part after the fusion protein has been expressed, 
detected and purified. 

All publications, including but not limited to patents and patent applications, cited in this 
specification are herein incorporated by reference as if each individual publication were 
specifically and individually indicated to be incorporated by reference herein as though fully set 
forth. 

Examples 

Example I : Mammalian Cell Expression 

The receptors of the present invention are expressed in either human embryonic kidney 293 
(HEK293) cells or adherent dhfr CHO cells. To maximize receptor expression, typically all 5' and 3' 
untranslated regions (UTRs) are removed from tlie receptor cDNA prior to insertion into a pCDN or 
pCDNA3 vector. The cells are transfected witii individual receptor cDNAs by lipofectin and selected 
in the presence of 400 mg/ml G418. After 3 weeks of selection, individual clones are picked and 



wo 99/55733 



PCT/US99/08576 



- 25 - 

expanded for Rirtlier analysis. HEK293 or CHO celis transtected with the vector alone serve as 
negative controls. To isolate cell lines stably expressing the individual receptors, about 24 clones are 
typically selected and analyzed by Northern blot analysis. Receptor niRNAs are generally detectable 
in about 50% of the G418-resistant clones analyzed. 

5 Example 2 Ligand bank for binding and functional assays. 

A bank of over 200 putative receptor ligands has been assembled for screening. The bank 
comprises: transmitters, hormones and chemokines known to act via a human seven transmembrane 
(7TM) receptor; nanjrally occurring compounds which may be putative agonists for a human 7TM 
receptor, non-mammalian, biologically active peptides for which a mammalian counterpart has not yet 
10 been identified; and compounds not found in nature, but which activate 7TM receptors with unknown 
natural ligands. This bank is used to initially screen the receptor for known ligands, using botli 
functional (i.e . calcium, cAMP, microphysiometer, oocyte electrophysiology, etc, see below) as well 
as binding assays. 

Example 3: Ligand Binding Assays 

15 Ligand binding assays provide a direct method for ascertaining receptor pharmacology and 

are adaptable to a high tliroughput format. The purified ligand for a receptor is radiolabeled to high 
specific activity (50-2000 Ci/mmol) for buiding studies. A determination is then made tliat the 
process of radiolabeling does not diminish the activity of the ligand towards its receptor. Assay 
conditions for buffers, ions, pH and other modulators such as nucleotides are optimized to establish a 

20 workable signal to noise ratio for both membrane and whole cell receptor sources. For these assays, 
specific receptor binding is defined as total associated radioactivit\' minus the radioactivity measured 
in the presence of an excess of unlabeled competing ligand. Where possible, more than one 
competing ligand is used to defme residual nonspecific binding. 

Example 4: Functional Assay in Xenopus Oocytes 

25 Capped RNA transcripts from linearized plasmid templates encoding the receptor cDNAs of 

the invention are syndiesized in vitro with RNA polymerases in accordance witli standard procedures. 
In vitro transcripts are suspended in water at a final concentration of 0.2 mg/ml. Ovarian lobes are 
removed from adult female toads. Stage V defolliculated oocytes are obtained, and RNA transcripts 
(10 ng/oocyte) are injected in a 50 nl bolus using a microinjection apparatus. Two electrode voltage 

30 clamps are used to measure the currents from individual Xenopus oocytes in response to agonist 

exposure. Recordings are made in Ca2+ free Bartli's medium at room temperature. The Xenopus 
system can be used to screen known ligands and tissue/cell extracts for activating ligands. 
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Example 5: Microphysiometric Assays 

Activation of a wide variety of secondary messenger systems results in extrusion of small 
amounts of acid from a cell. The acid formed is largely as a result of die increased metabolic activit\' 
required to fuel tiie intracellular signaling process. The pH changes in the media surrounding the cell 
5 are very small but are detectable by the CYTOSENSOR microphysiometer (Molecular Devices Ltd., 
Menlo Park, CA). The CYTOSENSOR is thus capable of detecting the activation of a receptor 
which is coupled to an energy utilizing intracellular signaling patliway such as the G-protein coupled 
receptor of the present invention. 

Example 6; Extract/Cell Supernatant Screening 

10 A large number of mammalian receptors exist for which tliere remains, as yet. no cognate 

activating ligand (agonist). Thus, active ligands for these receptors may not be included within tlie 
iigands banks as identified to date. Accordingly, tlie 7TM receptor of the invention is also 
functionally screened (using calcium. cAMP, microphysiometer, oocyte electrophysiology, etc., 
functional screens) against tissue extracts to identify natural ligands. Extracts that produce positive 

15 functional responses can be sequentially subfractionated until an activating Hgand is isolated and 
identified. 

Example 8: Calcium and cAMP Functional Assays 

7TM receptors which are expressed in HEK 293 cells have been shown to be coupled 
functionally to activation of PLC and calcium mobilization and/or cAMP stimulation or inhibition. 

20 Basal calcium levels in the HEK 293 cells in receptor-transfected or vector control cells were 

observed to be in the normal, 100 nM to 200 nM, range. HEK 293 cells expressing recombinant 
receptors are loaded with fura 2 and in a single day > 150 selected ligands or tissue/cell extracts are 
evaluated for agonist induced calcium mobilization. Similarly, HEK 293 cells expressing 
recombinant receptors are evaluated for the stimulation or inhibition of cAMP production using 

25 standard cAMP quantitation assays. Agonists presenting a calcium transient or cAMP fluctuation are 
tested in vector control cells to determine if tlie response is unique to the transfected cells expressing 
receptor. 
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SEQUENCE LISTING FREE TEXT 



SEQUENCE INFORMATION 

SEQ ID NO:l 

1 gaattcggct tGCCAAGGTG 

51 CCGGGCCCAT CGAGTACCGG 

101 CCCTGACCCT CAGTATGGCC 

151 GGCGCTCTGT CCCCACCGTC 

201 GGGACTGATT ATGTGCGTGA 

251 TGGTGCTCAA GGAGCGTGCC 

301 GACCTGTGCC TGGCCGATGG 

3 51 GCTGGCTTCT GTGCGCCACG 

4 01 GCAAGATTGT GGCCTTTATG 
4 51 ATGCTGTTCT GCATCAGCGT 
501 CTTCTACGCC AAGCGCATGA 
551 TGGCCTGGAC CCTGTCTGTG 
601 GGCACCTACA AGTTTATTCG 
651 CTACTTCAAG GCCAATGACA 
701 TCATGGCAGC TACCCATGCT 
751 CGTCACCGCA AGATGAAGCC 
801 CTGGACATTC CATGGTCCCG 
851 TCGCCGGCTT TGGCCGTGGG 
901 CAGAATGGGC ATGCAGCCAG 
951 GGGTGAAAAG CAGCTGGGCC 

1001 TGCTCCTCTG GTCACCCTAC 

1051 AAAGCCTGTG CTGTGCCCCA 

1101 CTTCGCCCAG GCTGCCGTCA 

1151 ACCTCAAGAA GTGCCTGAGG 

12 01 GCCCCGGCTC CCAGAGAACC 

12 51 CAGACAGGCA GAGAGAAGGT 

1301 GGAGGaagcc gaattc 



CAATGTAGCA GGACAACTCA TGGAGCCCCC 
ACTGGCTGAC CCCCTAGGGT TGGCAGTAGC 
AACACTACCG GAGAGCCTGA GGAGGTGAGC 
CGCATCAGCT TATGTGAAGC TGGTACTGCT 
GCCTGGCGGG TAACGCCATC TTGCCCCTGC 
CTGCACAAGG CTCCTTACTA CTTCCTGCTG 
CATACGCTCT GCCGTCTGCT TCCCCTTTGT 
GCTCTTCATG GACCTTCAGT GCACTCAGCT 
GCCGTGCTCT TTTGCTTCCA TGCGGCCTTC 
CACCCGCTAC ATGGCCATCG CCCACCACCG 
CACTCTGGAC ATGCGCGGCT GTCATCTGCA 
GCCATGGCCT TCCCACCTGT CTTTGACGTG 
GGAGGAGGAC CAGTGCATCT TTGAGCATCG 
CGCTGGGCTT CATGCTTATG TTGGCTGTGC 
GTCTACGGCA AGCTGCTCCT CTTCGAGTAT 
AGtGCAGATG GTGCCAGCCA TCAGCCAGAA 
GGGCCACCGG CCAGGCTGCT ACCAACTGGA 
CCCATGCCAC CAACCCTGCT GGGTATCCGG 
CCGGCGGCTA CTGGGCATGG ACGAGGTCAA 
GCATGTTCTA CGCGATCACA CTGCTCTTTC 
ATCGTGGCCT GCTACTGGCG AGTGTTTGTG 
CCGCTACCTG GCCACTGCTG TTTGGATGAG 
ACCCAATTGT CTGCTTCCTG CTCAACAAGG 
ACTCACGCCC CCTGCTGGGG CACAGGAGGT 
CTACTGTGTC ATGTGAAGCA GGCTGGTAGG 
CATGGCCACC GTGATGGGGC CAACAGCAAG 
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SEQ ID NO:2 



1 MANTTGEPEE VSGALSPPSA 

51 RALHKAPYYF LLDLCLADGI 

101 FMAVLFCFHA AFMLFCISVT 

151 SVAMAFPPVF DVGTYKFIRE 

201 HAVYGKLLLF EYRHRKMKPV 

251 RGPMPPTLLG IRQNGHAASR 

301 PYIVACYWRV FVKACAVPHR 

351 LRTHAPCWGT GGAPAPREPY 

SEQ ID NO:3 

1 GAGCATCGCT ACTTCAAGGC 

51 GGCTGTGCTC ATGGCAGCTA 

101 TCGAGTATCG TCACCGCAAG 

151 AGCCAGAACT GGACATTCCA 

201 CAACTGGATC GCCGGCTTTG 

251 TATNCGGCAG AATGGGCATG 

301 GAGGTCAAAG GGTGAAAAGC 

SEQ ID NO:4 

1 EHRYFKANXT LGFMLILAVL 
51 SQNWTFHGPG ATGQAAANWI 



5AYVKLVLLG LIMCVSLAGN AILPLLVLKE 
RSAVCFPFVL ASVRHGSSWT FSALSCKIVA 
RYMAIAHHRF YAKRMTLWTC AAVICr4AWTL 
EDQCIFEHRY FKANDTLGFM LMLAVLMAAT 
QMVPAISQNW TFHGPGATGQ AATNWIAGFG 
RLLGMDEVKG EKQLGRMFYA ITLLFLLLWS 
YLATAVWMSF AQAAVNPIVC FLLNKDLKKC 
CVM 

CAATNACACG CTGGGCTTCA TGCTTATTTT 
CCCATGCTGT CTACGGCAAG CTGCTCCTNT 
ATGAAGCCAG TGCAGATGGT GCCAGCCATC 
TGGTCCCGGG GCCACCGGCC AGGCTGCTGC 
GCCGTGGGCC ATGCCACCAA CCCTGCTGGG 
CAGCCAGCCG GCGGCTACTT GGGCATGGAC 
AGC 

MAATHAVYGK LbLFEYRHRK MKPVQMVPAI 
AGFGRGPCHQ PCWVXGRMGM QPAGGYLGMD 
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What is claimed is: 

1 . An isolated polypeptide selected from the group consisting of: 

(i) an isolated polypeptide comprising an amino acid sequence selected from the group 
having at least: 

(a) 70% identity; 

(b) 80% identity; 

(c) 90% identity; or 

(d) 95% identity; 

to the amino acid sequence of SEQ ID NO: 2 over tlie entire length of SEQ ID 
NO:2: 

(ii) an isolated polypeptide cotuprising the amino acid sequence of SEQ ID NO:2; or 

(iii) an isolated polypeptide which is tlie amino acid sequence of SEQ ID NO:2. 



2. An isolated polynucleotide selected from die group consisting of: 

(i) an isolated polynucleotide comprising a nucleotide sequence encoding a polypeptide tliat 
has at least 

(a) 70% identity; 

(b) 80% identity; 

(c) 90% identity; or 

(d) 95% identity; 

to die amino acid sequence of SEQ ID NO:2, over the entire length of SEQ ID NO:2; 

(ii) an isolated polynucleotide comprising a nucleotide sequence that has at least: 

(a) 70% identity 

(b) 80% identity; 

(c) 90% identity; or 

(d) 95% identity; 
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over its entire length to a nucleotide sequence encoding the polypeptide of SEQ ID 
NO:2; 

(iii) an isolated polynucleotide comprising a nucleotide sequence which has at least: 

(a) 70% identity; 

(b) 80% identity; 

(c) 90% identity'; or 

(d) 95% identity; 

to that of SEQ ID NO: 1 over the entire length of SEQ ID NO:l; 

(iv) an isolated polynucleotide comprising a nucleotide sequence encoding die polypeptide of 
SEQ ID NO:2; 

(v) an isolated polynucleotide which is the polynucleotide of SEQ ID NO: I; or 

(vi) an isolated polynucleotide obtainable by screening an appropriate library under stringent 
hybridization conditions with a labelled probe having the sequence of SEQ ID NO: 1 or a 
fragment diereof . ; 

or a nucleotide sequence complementary to said isolated polynucleotide. 
An antibody immunospecific for the polypeptide of claim 1. 

A method for the treatment of a subject: 

(i) in need of enhanced activity or expression of the polypeptide of claim 1 comprising: 

(a) administering to the subject a therapeutically effective amount of an agonist 
to said polypeptide; and/or 

(b) providing to the subject an isolated polynucleotide comprising a 
nucleotide sequence encoding said polypeptide in a form so as to effect production 
of said polypeptide activity in vivo. : or 

(ii) having need to inhibit activity or expression of the polypeptide of claim 1 
comprising: 
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(a) administering to the subject a therapeutically effective amount of an 
antagonist to said polypeptide: and/or 

(b) administering to the subject a nucleic acid molecule that inhibits the 
expression of a nucleotide sequence encoding said polypeptide: and/or 

5 (c) administering to the subject a therapeutically effective amount of a 

polypeptide that competes with said polypeptide for its ligand. substrate , or 
receptor. 



5, A process for diagnosing a disease or a susceptibility to a disease in a subject related to 
10 expression or activity of the polypeptide of claim 1 in a subject comprising: 

(a) determining the presence or absence of a mutation in the nucleotide sequence 
encoding said polypeptide in the genome of said subject; and/or 

(b) analyzing for the presence or amount of said polypeptide expression in a sample 
derived from said subject. 

15 

6- A method for screening to identify compounds which stimulate or which inhibit tlie function of 
Uie polypeptide of claim 1 which comprises a metliod selected from the group consisting of: 

(a) measuring the binding of a candidate compound to the polypeptide (or to the cells 
or membranes bearing the polypeptide) or a fusion protein thereof by means of a label directly or 

20 indirectly associated with the candidate compound; 

(b) measuring the binding of a candidate compound to the polypeptide (or to the cells 
or membranes bearing the polypeptide) or a fusion protein thereof in the presence of a labeled 
competitor; 

(c) testing whether the candidate compound results in a signal generated by activation or 
25 inliibition of the polypeptide, using detection systems appropriate to the cells or cell 

membranes bearing the polypeptide; 

(d) mixing a candidate corupound with a solution containing a polypeptide of claim 1, 
to form a mixture, measuring activity of the polypeptide in the mixture, and comparing the 
activity of the mixture to a standard: or 
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(e) detecting the effect of a candidate compound on the production of mRNA 
encoding said polypeptide and said polypeptide in cells, using for instance, an ELISA assav. 

7. An agonist or an antagonist of the polypeptide of claim 1 . 

8. An expression system comprising a polynucleotide capable of producing a polypeptide of claim 1 
when said expression system is present in a compatible host cell. 

9. A process for producing a recombinant host cell comprising transforming or transfccting a cell 
with the expression system of claim 8 such that the host celK under appropriate culture conditions, 
produces a polypeptide comprising an amino acid sequence having at least 70% identity to the 
amino acid sequence of SEQ ID NO:2 over the entire length of SEQ ID NO:2. 

10. A recombinant host ceil produced by the process of claim 9. 

11. A membrane of a recombinant host cell of claim 10 expressing a polypeptide comprising an 
amino acid sequence having at least 70% identity to the amino acid sequence of SEQ ID NO:2 
over the entire length of SEQ ID NO:2. 

12. A process for producing a polypeptide comprising culturing a host cell of claim 10 under 
conditions sufficient for the production of said polypeptide and recovering the polypeptide from 
the culture. 

13. An isolated polynucleotide selected from the group consisting of: 

(a) an isolated polynucleotide comprising a nucleotide sequence which has at least 
70%, 80%, 90%, 95%, 97% identity to SEQ ID NO:3 over the entire length of SEQ ID NO:3; 

(b) an isolated polynucleotide comprising the polynucleotide of SEQ ID NO:3; 

(c) Uie polynucleotide of SEQ ID NO:3; or 
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(d) an isolated polynucleotide comprising a nucleotide sequence encoding a polypeptide 
which has at least 70%, 80%. 90%, 95%, 97-99% identity to tlie amino acid sequence of SEQ ID 
NO:4, over the entire length of SEQ ID NO:4. 

14. A polypeptide selected from the group consisting of: 

(a) a polypeptide which comprises an amino acid sequence which has at least 70%, 
80%, 90%, 95%, 97-99% identity to that of SEQ ID NO;4 over the entire length of SEQ ID 
NO:4; 

(b) a polypeptide which has an amino acid sequence which is at least 70%, 80%, 
90%, 95%, 97-99% identity to the amino acid sequence of SEQ ID NO:4 over the entire length of 
SEQ ID NO:4; 

(c) a polypeptide which comprises the amino acid of SEQ ID NO:4; 

(d) a polypeptide which is the polypeptide of SEQ ID NO:4; 

(e) a polypeptide which is encoded by a pc .ynucleotide comprising the sequence 
contained in SEQ ID NO:3. 
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SEQUENCE LISTING 

<110> SmithKline Beecham Corporation 

<120> Cloning of a Novel 7TM Receptor AXOR-2 

<130> GP-70433 

< 14 0> To Be Assigned 
<141> 1959-04 -19 

<150> 60/083,034 
<151> 1998-04-24 

<150> 09/277,398 
<151> 1999-03-26 

<160> 4 

<170> Patentin Ver. 2.0 

<210> 1 
<211> 1316 
<2 12> DNA 

<213> Homo sapiens 
<400> 1 

gaattcggct tgccaaggtg caatgtagca ggacaactca tggagccccc ccgggcccat 60 
cgagtaccgg actggctgac cccctagggt tggcagtagc ccctgaccct cagtatggcc 120 
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aacactaccg gagagcctga ggaggtgagc 
tatgtgaagc tggtactgct gggactgatt 
ttgcccccgc cggtgctcaa ggagcgcgcc 
gacctgtgcc tggccgatgg catacgctct 
gtgcgccacg gctcttcatg gaccttcagt 
gccgtgccct tttgcttcca tgcggccttc 
atggccatcg cccaccaccg cttctacgcc 
gtcatctgca tggcctggac cctgtctgtg 
ggcacctaca agtttattcg ggaggaggac 
gccaatgaca cgctgggctt catgcttacg 
gtctacggca agctgctcct cctcgagtat 
gtgccagcca tcagccagaa ctggacatcc 
accaactgga tcgccggctt tggccgtggg 
cagaatgggc atgcagccag ccggcggcta 
cagctgggcc gcatgttcta cgcgatcaca 
atcgtggcct gctactggcg agtgtttgtg 
gccactgctg tttggatgag cttcgcccag 
ctcaacaagg acctcaagaa gtgcctgagg 
gccccggctc ccagagaacc ctactgtgtc 
gagagaaggt catggccacc gtgatggggc 
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ggcgctccgt ccccaccgtc cgcatcagct 180 
atgtgcgtga gcctggcggg taacgccatc 240 
ccgcacaagg ctccttacca cttcctgctg 300 
gccgtctgct tcccctttgt gctggcttct 360 
gcactcagct gcaagattgt ggcctttatg 420 
atgctgttct gcatcagcgt cacccgctac 480 
aagcgcatga cactctggac atgcgcggct 540 
gccatggcct tcccacctgt ctttgacgtg 600 
cagtgcatct ttgagcatcg ctacttcaag 660 
ttggctgtgc tcacggcagc tacccatgct 720 
cgtcaccgca agatgaagcc agtgcagatg 780 
catggtcccg gggccaccgg ccaggctgct 840 
cccatgccac caaccctgct gggtatccgg 900 
ctgggcatgg acgaggtcaa gggtgaaaag 960 
ctgctctttc tgctcctctg gtcaccctac 1020 
aaagcctgtg ctgtgcccca ccgctacctg 1080 
gctgccgtca acccaattgt ctgcttcctg 1140 
actcacgccc cctgctgggg cacaggaggt 1200 
atgtgaagca ggctggtagg cagacaggca 1260 
caacagcaag ggaggaagcc gaattc 13 16 



<210> 2 
<211> 373 
<212> PRT 

<213> Homo sapiens 
<400> 2 

Met Ala Asn Thr Thr Gly Glu Pro Glu Glu Val Ser Gly Ala Leu Ser 
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Pro Pro Ser Ala 
20 

Mec Cys Val Ser 
35 

Lys Glu Arg Ala 
50 

Cys Leu Ala Asp 
65 

Ala Ser Val Arg 

Lys He Val Ala 
100 

Met Leu Phe Cys 
115 

Arg Phe Tyr Ala 
130 

Cys Met Ala Trp 
145 



Ser Ala Tyr Val 

Leu Ala Gly Asn 
40 

Leu His Lys Ala 
55 

Gly He Arg Ser 
70 

His Gly Ser Ser 
85 

Phe Met Ala Val 

He Ser Val Thr 
120 

Lys Arg Met Thr 
135 

Thr Leu Ser Val 
150 
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Lys Leu Val Leu 
25 

Ala He Leu Pro 

Pro Tyr Tyr Phe 
60 

Ala Val Cys Phe 
75 

Trp Thr Phe Ser 
90 

Leu Phe Cys Phe 
105 

Arg Tyr Met Ala 

Leu Trp Thr Cys 
140 

Ala Met Ala Phe 
155 



Leu Gly Leu He 
30 

Leu Leu Val Leu 
45 

Leu Leu Asp Leu 

Pro Phe Val Leu 
80 

Ala Leu Ser Cys 
95 

His Ala Ala Phe 
110 

He Ala His His 
125 

Ala Ala Val He 

Pro Pro Val Phe 
160 



Asp Val Gly Thr Tyr Lys Phe He Arg Glu Glu Asp Gin Cys He Phe 
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Glu His Arg Tyr 
180 

Leu Ala Val Leu 
195 

Leu Phe Glu Tyr 
210 

Ala lie Ser Gin 
225 

Ala Ala Thr Asn 

Thr Leu Leu Gly 
260 

Leu Gly Met Asp 
275 

Tyr Ala lie Thr 
290 

Ala Cys Tyr Trp 
305 



165 

Phe Lys Ala Asn 

Met Ala Ala Thr 
200 

Arg His Arg Lys 
215 

Asn Trp Thr Phe 
230 

Trp lie Ala Gly 
245 

lie Arg Gin Asn 

Glu Val Lys Gly 
280 

Leu Leu Phe Leu 
295 

Arg Val Phe Val 
310 



- 4/6 - 
170 

Asp Thr Leu Gly 
185 

His Ala Val Tyr 

Met Lys Pro Val 

220 

His Gly Pro Gly 
235 

Phe Gly Arg Gly 
250 

Gly His Ala Ala 
265 

Glu Lys Gin Leu 

Leu Leu Trp Ser 
300 

Lys Ala Cys Ala 
315 



175 

Phe Met Leu Met 
190 

Gly Lys Leu Leu 
205 

Gin Met Val Pro 

Ala Thr Gly Gin 
240 

Pro Met Pro Pro 
255 

Ser Arg Arg Leu 
270 

Gly Arg Met Phe 
285 

Pro Tyr lie Val 

Val Pro His Arg 
320 
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Tyr Leu Ala Thr Ala Val Trp Met Ser Phe Ala Gin Ala Ala Val Asn 
325 330 335 

Pro lie Val Cys Phe Leu Leu Asn Lys Asp Leu Lys Lys Cys Leu Arg 
340 345 350 

Thr His Ala Pro Cys Trp Gly Thr Gly Gly Ala Pro Ala Pro Arg Glu 
355 360 365 

Pro Tyr Cys Val Met 
370 



<210> 3 
<211> 323 
< 2 1 2 > DNA 

<213> Homo sapiens 
<400> 3 

gagcatcgct acttcaaggc 
atggcagcta cccatgctgt 
atgaagccag tgcagatggt 
gccaccggcc aggctgctgc 
ccctgctggg tatncggcag 
g^ggtcaaag ggtgaaaagc 



caatnacacg ctgggcttca 
ctacggcaag ctgctcctnt 
gccagccatc agccagaact 
caactggatc gccggctttg 
aatgggcatg cagccagccg 
age 



tgcttatttt ggctgtgctc 60 
tcgagtatcg tcaccgcaag 120 
ggacattcca tggtcccggg 180 
gccgtgggcc atgccaccaa 240 
gcggctactt gggcatggac 300 

3 2 3.. 



<210> 4 
<211> 100 
<212> PRT 
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<213> Homo sapiens 
<400> 4 

Glu His Arg Tyr Phe Lys Ala Asn Xaa Thr Leu Gly Phe Met Leu lie 
15 10 15 

Leu Ala Val Leu Met Ala Ala Thr His Ala Val Tyr Gly Lys Leu Leu 
20 25 30 

Leu Phe Glu Tyr Arg His Arg Lys Met Lys Pro Val Gin Met Val Pro 
35 40 45 

Ala lie Ser Gin Asn Trp Thr Phe His Gly Pro Gly Ala Thr Gly Gin 
50 55 60 

Ala Ala Ala Asn Trp lie Ala Gly Phe Gly Arg Gly Pro Cys His Gin 
65 70 75 80 

Pro Cys Trp Val Xaa Gly Arg Met Gly Met Gin Pro Ala Gly Gly Tyr 
85 90 95 

Leu Gly Met Asp 
100 



INTERNATIONAL SEARCH REPORT 



Iiitcmationai application Nt). 
PCT US90'0K57(> 



A. CLASSiriCATlON OKSrUJIX T MAi riiR 
IPC(6) :C07K M/705, 15.'28: CITN 15-12 

US CL : 435/7.1. 69.1, 252.3. 320.1; 530/350, 38S.22; 536/23.5 
AccorJint; to International Pm onl Classification (IPC) or to both national classification and IPC 

B. FIKLDS SEARCHED 

Minimum documentation searched (classificution syslcni Ibilowcd by classification symbols) 
U.S. : 435/7.1. 69.1, 252.3, 320.1; 530/350. 388.22; 536/23.5 

Documentation searched other than minimum documentation to the extent that such documents arc included in the fields searched 
NONE 



Icctronic data base consulted during the international search (name of data base and, where practicable, search 

SwissProl, PIR_58, A_Gcncseq_34. GenEmbI 
SEQ ID NO:l and 2 



DOCUMENTS CONSIDEJ^ED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 
A 


O'DOWD et al. Discovery of Three Novel G-Protein-Coupled 
Receptor Genes. Genomics. 15 January 1998, Vol. 47, No. 2, pages 
310-313, see especially Figure 1 on page 311. 


3 

1, 2, 5, 6. 8-14 


A 


LIBERT et al. Selective Amplification and Cloning of Four New 
Members of the G Protein-Coupled Receptor Family. Science. 05 
May 1989, Vol. 244, pages 569-572. 


1-3. 5, 6, 8-14 


A 


O'DOWD et al. Cloning and chromosomal mapping of four putative 
novel human G-protein-coupled receptor genes. Gene. 1997, Vol, 
187, pages 75-81. 


1-3. 5, 6, 8-14 



I funher documents are listed in tlie continuation of Box C. [ [ See patent family annex. 



Special calegones of cited documcnii. 

document defuiuifi Uie general ttalc of Uic art which is not considered 
lo be of particular relevance 

earlier document publiihed on or after tiic mtemauonal filing date 

document which may throw doubts on priority clBini(s) or which is 
cited to eatabhsh the pubhcauon dale of anoUter citation or other 
special reason ^us specified) 

document referring u> an oral disclosure, use. exhibition or otJier 
means 

document published prior to Ute internotioiml nimp date but later llian 
tiie priority date claimed 



later document published after Uie intenjauonal filing dau or priority 
daU and not in conflict with the application but cited to undcritiind 
the principle or theory underlying the inventjon 

document of particular relevance; die claimed invention cannot be 
considered novel or cannot be considered to involve an mvennve step 
when the document ts taken alone 

document of particular relevance, die claimed iiivcmion cannot be 
considered to involve an mvenuve step when tlie document is 
combined with one or more odicr such documents, such combination 
being obvious lo a person skilled in tJie an 

document member of (he same patent family 



Date of the actual completion of the inlenialidnal search 
12 JULY 1999 


Date ol" mailing of the inlcmaiitmal .search repoil 

12 AUG 1999 


Name and mailing address of the ISA/US 
Commissioner oC Patents and Trademnrk^ 
Box PCT 

Washington, D C. 20231 
Facsimile No. (703) 305-3230 


Aulhorizcii- otViccr ^—-f^ 
Telephone No. (703) 308-0146 



INTERNATIONAL SEARCH REPORT 



liUemuitonal uppiicalioii No. 
PCT/USOO.'0«576 



Uox I Ohscrv atioiis «l»oi-c certuin tUiins were ItiuniJ uiiso arch able (C oatiiiu a titm tif item I of nisi sliiit) 



riiis iiilcnialional a:poii has not been csuiblishctl m rvspoct ot cciiain claims under Anictc 17(2Xa) tor ihe lollowiini rcusoiis: 
1. I I Claims Nos.; 

' ' because they relate to subject [iiaiter not required to be searched by tliis Aulliorit>-. namely. 



2. j ^ I Claims Nos.: 4 and 7 

because ihey relate U> parts of ihc intenialional application thai do not comply with the prcscnbcd requircmcnLs to such 
an extent that no meaningful intcniational search can be carried out, spccitically: 

Please Sec Extra Sheet. 



3. I I Claims Nos.: 

because they are dependent claims and arc not drafted in accordance with the second and third sentences of Rule 6.4(a>. 



r 

Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Aulhorily found multiple inventions in this international application, as follows; 



1, j j As all required additional search fees were timely paid by the applicant, this international search rcpon covers all searchable 



claims. 



2. [ I As all searchable claims could be searched without clTort justifying un additional fee. this Authority did not invite payment 

of any additional fee. 

3. [ J As only some of the required additional search fees were timely paid by the applicant, this iniemational search report covers 

only those claims for which fees were paid, specifically claims Nos.: 



[ [ No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims: it is covered by claims Nos.: 



Romurk un Protost | | The additional search foes were accompanied by the applicaiil's prolcsi. 

[ I No protest accompanied (he payment of additional search lees. 



Form PCT./1SA/'210 (contmuation of first sheel( I )XJuly 1992)* 



INTERNATIONAL SEARCH REPORT 



International applicutiun No. 



BOX 1. OnSHRVATIONS WUKRIf CLAIMS WBRi: rOUNH UNSHARCHABLU 
2. Where no nicaiiinglul search eoulJ be c;:rneii out. spcci I'leally : 

Claims 4 and 7 arc so poorly supported by the description that no meaningful search cold be made. I hcse claims arc 
draw to a compound of unspecified constiuilion and process of using that compound. There are no specific examples of 
the claimed compound nor is there a description of it's chemical, structural or physical properties or of a manner through 
which it can be made. 



Form 1'CT.'ISA'2 10 (extra shcelxJuly 1992)* 



